Effect of topical brinzolamide 1%
and brimonidine 0.2% on intraocular
pressure after phacoemulsification
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Purpose: To compare the effectiveness of brinzolamide 1% (Azopt®) and brimoni-
dine 0.2% (Alphagan®) with a placebo in preventing an early increase in intraoc-
ular pressure (IOP) after phacoemulsification.

Setting: Department of Ophthalmology, Baskent University, School of Medicine,
Ankara, Turkey.

Methods: In this prospective double-masked study, 90 eyes of 90 patients hav-
ing clear corneal phacoemulsification were randomly divided into 3 groups of 30
eyes each. One hour before surgery, 1 group received 1 drop of brinzolamide
1%, another received 1 drop of brimonidine 0.2%, and the third received 1 drop
of a balanced saline solution (placebo). The IOP was measured preoperatively
and 3 and 16 to 20 hours postoperatively.

Results: Three hours postoperatively, the mean IOP increased by 4.2 mm Hg =
7.0 (SD), 3.2 = 6.4 mm Hg, and 5.3 £ 4.2 mm Hg in the brinzolamide, brimoni-
dine, and placebo groups, respectively. The IOP increase from baseline was sig-
nificant in all 3 groups (all P<.01), with no difference between the groups (P>.05).
The change in IOP at 16 to 20 hours was 0.2 = 2.8 mm Hg, 0.2 = 2.4 mm Hg,
and -0.8 = 2.4 mm Hg, respectively. The changes were not significant compared
to baseline (all P>.05). Six eyes (20%) in the brinzolamide group, 5 eyes (16.7 %)
in the brimonidine group, and 7 eyes (23.3%) in the placebo group had an IOP

higher than 25 mm Hg 3 hours postoperatively; the difference between groups

was not significant (P = .8).

Conclusion: Prophylactic use of 1 drop of brinzolamide or brimonidine was not
more effective than a placebo in controlling early postoperative IOP elevations

after clear corneal phacoemulsification.
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M odern cataract surgery with phacoemulsification
and implantation of a foldable intraocular lens
(IOL) has many advantages. The main benefits are
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more rapid wound healing, faster visual recovery and
refractive outcomes, and greater patient satisfaction.
These benefits allow many patients to be discharged
soon after surgery and the first postoperative evaluation
performed at 1 day or later. However, an early postoper-
ative increase in intraocular pressure (IOP) is a serious,
well-documented event that surgeons should consider
in every case. This rise typically occurs during the first
24 hours after cataract surgery'” and is most marked
at 3 to 7 hours.*” The spikes can be dangerous in
eyes with optic discs that are vulnerable as a result of
preexisting damage from glaucoma or atherosclerosis-

induced blood flow compromise. Corneal edema and
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postoperative ocular pain are the other complications
of postoperative IOP spikes.

Many strategies to prevent or minimize these IOP
rises have been tried including surgical techniques for
removing viscoelastic material,*® prophylactic use of in-

9

tracameral cholinergic agents,*” and use of topical or

systemic antiglaucoma agents.*" Studies report good

results with intracameral acetylcholine,® timolol gel,'”"

! dorzolamide

a dorzolamide—timolol combination,’
alone," acetazolamide,'® and pilocarpine gel'’; however,
an optimally effective, safe, and rapid-onset prophylactic
agent that lasts for 24 hours and results in a predictable,
equal effect in every case is not available. Such an agent
is particularly needed in eyes with preexisting glaucoma.
Brinzolamide 1% is a carbonic anhydrase inhibitor
that acts as an aqueous suppressant. It begins to act
30 minutes after administration, shows peak effect at
2 hours, and lasts for 6 to 8 hours. To our knowledge,
there is no published research of the effect of brinzola-
mide on IOP spikes after cataract surgery.
Brimonidine 0.2%, an a,-agonist, is also an aque-
ous suppressant; however, it acts by increasing uveoscle-
ral, and possibly trabecular, outflow. This agent starts
to act within 1 hour of administration, shows peak effect
at 2 to 3 hours, and lasts for 10 to 14 hours. Brimonidine
0.2% effectively prevents IOP rises after neodym-
ium:YAG laser peripheral iridectomy and posterior capsu-

18,19 18,20

lotomy'®" and after argon laser trabeculoplasty.

We conducted a prospective randomized placebo-
controlled double-masked study of the IOP-lowering
effects of brinzolamide 1% and brimonidine 0.2% after
phacoemulsification. Each drug was administered ap-
proximately 1 hour before surgery, and the IOP effects

were assessed twice within 24 hours after surgery.

Patients and Methods

This study comprised 90 eyes of 90 consecutive patients
who had phacoemulsification cataract surgery with foldable
IOL implantation. All the surgeries were performed between
May and June 2002 by 1 of 2 surgeons (A.A., Y.A.A.) using
the same technique. All patients provided informed consent.
The study design was approved by the Ethical Committee
of Baskent University, and the study followed the tenets of
the Declaration of Helsinki.

The exclusion criteria were previous ocular surgery or
laser treatment involving angle structures, ocular hyperten-
sion (IOP greater than 21 mm Hg), pigment dispersion
syndrome, exfoliation syndrome, hypersensitivity to sulfon-

amides, any form of glaucoma, and complications during
cataract surgery.

A computer-generated randomization list was used to
assign patients to 1 of 3 groups of 30 each based on what
preoperative eyedrop they were to receive: brinzolamide 1%
(Azopt®), brimonidine 0.2% (Alphagan®), or a balanced sa-
line solution (placebo). All patients received 1 drop of the
respective agent approximately 1 hour before surgery. The
surgeon was masked to the treatment group assignments.

Surgical Technique

All eyes received phenylephrine 2.5%, cyclopentolate 1%,
and tropicamide 0.5% approximately 1 hour before surgery
to dilate the pupil. After peribulbar anesthesia of articaine
hydrochloride 2% and bupivacaine hydrochloride 0.5% was
administrated, a 3.0 mm, clear corneal, self-sealing incision
was made at the 11 o’clock position and the anterior chamber
was filled with sodium hyaluronate 3%-—chondroitin sulfate
4% (Viscoat®). Phacoemulsification was by a standard phaco-
chop technique. After phacoemulsification and cortical cleanup,
the capsular bag was expanded using sodium hyaluronate
1% (Biolon®), 10 mg/mL. Next, a single-piece, 6.0 mm,
hydrophobic, foldable acrylic IOL (AcrySof®, MAGOBM,
Alcon) was implanted in the bag.

An irrigation/aspiration (I/A) cannula was used with
the rock 'n roll technique to aspirate remaining viscoelastic
material from the prelental and retrolental spaces, capsule
fornix, and anterior chamber for at least 30 seconds until no
viscoelastic material was visible under the operating micro-
scope. In the rock 'n roll technique, the I/A tip is placed on
the IOL surface. The I/A cannula is rolled back and forth,
and intermittent gentle pressure is applied to mobilize the
viscoelastic material trapped between the IOL and the capsu-
lar bag during I/A.

The incision was left sutureless, and no miotics were
used intracamerally at the end of surgery. Subconjunctival
injections of cefazoline sodium (50 mg/mL) and dexametha-
sone phosphate (8 mg/mL) were administered in the operated
eye. Right after surgery, the IOP was measured with a sterile-
tipped handheld tonometer (Tono-Pen, Mentor Inc.). The
IOP was adjusted to a target of 10 = 3 mm Hg by exchanging
balanced saline solution through the paracentesis puncture
just before the eye was patched with tobramycin 0.3%
ointment.

A Goldmann applanation tonometer was used to mea-
sure JOP 1 day before surgery (baseline), 3 hours postopera-
tively, and 16 to 20 hours postoperatively. The same examiner
who was masked to the group assignments recorded all mea-
surements using the same equipment for each measurement.

Statistical Analysis

All variables were tested for normality. A 1-way analysis
of variance (ANOVA) and repeated-measures ANOVA were
used to analyze intragroup and intergroup IOP differences.
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Table 1. Demographics of patients by study group.
Group
Characteristic Brinzolamide Brimonidine Placebo
Eyes, n 30 30 30
Mean age, y 64.6 £ 8.6 67.7 £ 82 66.6 = 8.5
Age range, y 48-80 50-82 56-80
Sex, M:F 11:19 14:16 12:18

Means = SDs

The Tukey HSD test was used for post-hoc analysis. Catego-
rized data were analyzed by the chi-square test. A P value
less than 0.05 was considered significant

Sample-size calculations were based on detecting a mini-
mum 2 mm Hg difference in mean IOP in the 3 groups
with an equal number of patients at 3 hours and 16 to 20
hours postoperatively. The study had 78% power to detect
a2 mm Hg IOP difference among the 3 study groups (mini-
mum 30 patients per group) at 3 hours assuming a standard
deviation of *5 (P = .05, 2 tailed). The power of the test
to detect a 1 mm Hg difference in IOP remained 78% 16
to 20 hours postoperatively assuming a standard deviation
of 2.5 (P = .05, 2 tailed).

Statistical analyses were performed using SPSS for Win-
dows, version 9.0 (SPSS Inc.). Power analysis and sample-
size calculations were performed using PASS 2002 (NCSS
Statistical Software).

Results

The mean age of the 53 women and 37 men was
66.9 years = 7.8 (SD) (range 48 to 82 years). Table 1
shows the patients’ demographics by study groups.

Table 2 shows the IOP at each time point and the
changes from baseline. The mean preoperative IOP was
not statistically significantly different between groups
(P>.05).

The IOP 3 hours postoperatively was statistically
significantly higher than at baseline in all groups (brin-
zolamide, P = .003; brimonidine, 7 = .01; placebo,

Table 3. The number of eyes with an IOP elevation greater than
5 mm Hg and 10 mm Hg 3 hours postoperatively.

IOP Rise
>5 mm Hg >10 mm Hg
Group Eyes (%) Eyes (%)
Brinzolamide 14 (46.7) 5(16.7)
Brimonidine 14 (46.7) 2 (6.7)
Placebo 15 (50.0) 4 (18.3)

P = .001). However, the difference in IOP at 3 hours
between groups was not statistically significant (P>.05).

At 16 to 24 hours, the mean IOP was not signifi-
cantly different from baseline in any group. In addition,
there were no statistically significant differences between
groups (all 27>.05).

Table 3 shows the number of eyes in each group
that had an increase of 5 mm Hg and 10 mm Hg over
baseline 3 hours postoperatively. There was no between-
group difference in the number of eyes with a greater
than 5 mm Hg increase in IOP at 3 hours (>.05).
Three eyes (10%) in the brinzolamide group, 1 eye
(3.4%) in the brimonidine group, and no eye in the
placebo group had an IOP increase greater than
5 mm Hg at 16 to 20 hours. No eye in any group had
an IOP increase greater than 10 mm Hg at 16 to
20 hours.

At 3 hours, 6 eyes (20%) in the brinzolamide group,
5 eyes (16.7%) in the brimonidine group, and 7 eyes
(23.3%) in the placebo group had an IOP higher than
25 mm Hg. The highest postoperative IOP was
34 mm Hg in the brinzolamide group, 31 mm Hg in
the brimonidine group, and 30 mm Hg in the placebo
group. There was no statistically significant difference
between the 3 groups in the incidence of IOP over
25 mm Hg (x* = 0.417; degrees of freedom = 2; P =
.8). At 16 to 20 hours, no eye in any group had an
IOP greater than 25 mm Hg.

Table 2. Mean IOP values (mm Hg) over time and mean change from baseline.

Mean = SD
3 Hours Postop 16-20 Hours Postop
Group Baseline IOP IoP Change from Baseline 10P Change from Baseline
Brinzolamide 165 £ 2.2 19.7 = 6.1 42 +70 15.7 £ 2.6 02=*28
Brimonidine 16.7 = 2.7 19.0 £ 54 32 64 16.0 £ 2.7 02+x24
Placebo 156 = 1.8 20.9 = 5.0 53+ 4.2 148 = 2.6 -0.8 24
1738 J CATARACT REFRACT SURG—VOL 30, AUGUST 2004



EFFECT OF BRINZOLAMIDE AND BRIMONIDINE ON IOP

No patient had a drug-related adverse event during
the study period.

Discussion

There is no agreement in the literature on the mech-
anism for IOP elevation after cataract surgery. This
complication used to be called Healon-block glau-

coma’"?

when the reason was thought to be disturbed
outflow facility caused by obstruction of trabeculum
with this high-molecular-weight viscoelastic substance.
This theory was supported by a study that reported a
32% decrease in outflow facility when an attempt was
made to clear the viscoelastic material from the anterior
chamber; however, a 65% decrease was noted when the
viscoelastic material was left in the anterior chamber.”
Theoretically, it was believed that low-molecular-weight
(less-viscous) substances would leave the anterior cham-
ber quicker and increase postoperative IOP less. Schu-
bert and coauthors® showed that less-viscous sodium
hyaluronate resulted in higher levels of more prolonged
IOP rise in monkey eyes than more-viscous sodium
hyaluronate.

Later reports proposed causes such as mechanical
deformation of angle structures before or during sur-
gery, inflammation, hemorrhage, pigment dispersion,
and retained lens material. They theorize that these
factors, together with retained viscoelastic material,
cause mechanical obstruction of outflow channels, re-
sulting in postoperative IOP elevation.”***

Whatever the cause, many reports recommend dilu-
tion, clearance, and/or aspiration of viscoelastic material
from the anterior chamber at the end of the phacoemul-
sification to prevent postoperative IOP elevation.”*?°
However, many others stress that this kind of interven-
tion would not prevent the IOP rise but only decrease its

2830 Research

level or shorten its duration to some extent.
shows that high-molecular-weight viscoelastic sub-
stances exit the eye in an unmetabolized state via the
outflow channels and that these materials are completely
gone by about 24 hours after cataract surgery.”"* It has
also been observed that IOP normalizes toward the end
of this first 24 hours.2*¥

It is now believed that the reason IOP rises after
phacoemulsification is not limited to residual viscoelas-
tic material but also depends on the patient’s characteris-

tics and the amount of trauma during surgery. Two of
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these steps—minimizing trauma during surgery and
removing as much viscoelastic material as possible from
the anterior chamber after IOL implantation—can be

0 recom-

done in all cases. As Tanaka and coauthors
mend, the surgeons in our study spent at least 30 seconds
clearing the anterior chamber of viscoelastic material.
Aspiration lasted until no material was visible under
the operating microscope. Also, IOP was adjusted to
10 = 3 mm Hg immediately after surgery to standardize
the groups. We believe that to prevent bias when com-
paring IOP spikes between groups, it is important that
all groups begin at the same IOP level.

In our study, the mean IOP increase in the brinzo-
lamide and brimonidine groups 3 hours after surgery
was 4.2 = 7.0 mm Hg and 3.2 = 6.4 mm Hg, respec-
tively, which was not significantly different from the
mean elevation in the placebo group. Intraocular pres-
sure spikes higher than 25 mm Hg occurred in almost
20% of eyes in all 3 study groups, with no between-
group difference in the frequency. Thus, neither brinzo-
lamide nor brimonidine effectively prevented an IOP
rise or potentially dangerous IOP spikes after phaco-
emulsification when administered 45 to 60 minutes
before surgery. By 16 to 20 hours after surgery, the
mean [OP in all 3 groups had returned to baseline level.

In contrast to previous investigations, we adminis-
tered the prophylactic agents preoperatively. In most
studies in the literature,"~*" topical prophylactic agents
were applied immediately after surgery. The exception
is 1 study" in which latanoprost was given 2 hours
before phacoemulsification; it had no postoperative
IOP-lowering effect. In our investigation, we instilled
the medication approximately 45 to 60 minutes before
surgery, when the aqueous dynamics and integrity of
the anterior chamber structures were not disturbed by
surgery. As described, the main action of both topical
antiglaucoma agents in our study is aqueous suppres-
sion. Like all aqueous suppressants, brinzolamide and
brimonidine are most effective under optimum aqueous
production. When aqueous dynamics change or aque-
ous production is affected by surgery, it is reasonable
to speculate that aqueous suppressants may not perform
optimally. In addition, the documented pharmacologic
properties of these agents (eg, onset of action, duration
of action, peak efficacy) relate to physiologic conditions
in which aqueous production rate, outflow facility, and
pH of the media are normal. When these standardized
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conditions are altered by surgery, the onset or duration
of the drug’s action changes. We administered the drugs
before surgery to make use of their known properties
and effectiveness.

Carbonic anhydrase inhibitors other than brinzo-
lamide (ie, dorzolamide and acetazolamide) prevent
IOP spikes to some extent after cataract surgery.'®'>!¢
We believe our investigation is the first to indicate that
brinzolamide is not effective in preventing IOP spikes
after phacoemulsification. The reason is unclear. Brin-
zolamide has a relatively short duration of action, which
might explain its lack of effectiveness. However, the
IOP 3 hours after surgery (roughly 4 hours after admin-
istration) was well within the documented duration of
action of this drug. Perhaps this agent does not affect
outflow facility, which is thought to be the main mecha-
nism in IOP spikes.

Brimonidine 0.2% is frequently used to treat glau-
coma and ocular hypertension. Several studies show
this drug effectively prevents IOP spikes after anterior
segment laser surgery.'™ In 1 study,” apraclonidine
1%, another relatively selective a,-agonist, prevented
IOP increases 6 hours after phacoemulsification com-
pared to a control group when instilled 30 minutes and
immediately postoperatively. The efficacy of apracloni-
dine 1% in decreasing large IOP elevations in glaucoma-
tous eyes having combined extracapsular cataract
extraction and trabeculectomy has also been reported.*
However, 2 studies report that apraclonidine does not
prevent a postoperative IOP increase after cataract sur-
gery.®% One study, in which brimonidine was adminis-
tered immediately after small-incision cataract surgery,
found the drug did not effective prevent IOP spikes 6
hours and 24 hours postoperatively.'? To date, no study
has assessed whether preoperative brimonidine prevents
early IOP spikes after phacoemulsification. However,
we administered phenylephrine (an a-receptor agonist)
for pupil dilation and brimonidine (another a-receptor
agonist) at the same time, 1 hour before surgery. This
may explain why brimonidine did not prevent postoper-
ative IOP spikes, as hypothesized in another study.'
Miotics, which increase the outflow facility, have been
reported to effectively prevent postoperative IOP rises
after phacoemulsification.®” Another reason for the in-
effectiveness of brimonidine and brinzolamide in our
study may be because these drugs do not increase the
outflow facility in a classic manner.

1740

We found no long-lasting pressure rise in the 3
groups throughout the study period. The highest post-
operative IOP in the 90 eyes in the study was 34 mm Hg.
Although this level is dangerous in patients with glau-
coma or a disc vulnerable to damage by high IOP, if
transient, it is acceptable in eyes with a healthy optic
disc. Thus, prophylactic IOP-lowering therapy is not
needed in all patients having phacoemulsification, only
in those with a previously damaged optic disc.

In conclusion, it appears that neither brinzolamide
nor brimonidine administered 45 to 60 minutes before
surgery prevents the early IOP rise that typically occurs
after phacoemulsification.
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